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Purpose: The germline, or somatic, inactivation of tumor
suppressor genes, through point mutation, or deletion, plays
an important role in carcinogenesis. Several gene alter-
ations, such as adenomatous polyposis coli (APC), deleted
in colorectal cancer (DCC) and p53, have been detected
in the development of colorectal cancer. Within these
genes, a loss of heterozygosity (LOH) at the DCC gene
locus was frequently associated with colorectal tumors, and
the LOH of the DCC gene, and the expression of the DCC
protein, might be related to malignant formation and
metastasis. The aim of this study was to determine the
DCC LOH and the expression of DCC protein in colorectal
cancers, and evaluate their prognostic value and relationship
with the clinicopathological data.

Methods: Fifty colorectal cancer tissues were obtained
from resected specimens. Using formalin-fixed paraffin-
embedded sections as a source of DNA, we examined the
DCC protein in the tissue through immunohistochemical
stainings and immunoblotting analysis, the DCC LOH
through a polymerase chain reaction (PCR) and single
strand conformation polymorphism (SSCP).

Results: DCC LOH was observed in 24 of the 50 patients
(48.0%). The expression of the DCC protein was de-
creased in the cancer tissue (62.3+23.6%) compared with
the adjacent normal mucosa inform the immunoblotting
analysis. A decreased DCC protein expression was also
observed from the immunohistochemistry, which coincided
with the immunoblotting analysis. However, both the DCC
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LOH and the decreased DCC protein were not related to
the clinical and pathological parameters, such as location of
tumor, tumor size, histological type and the venous, and
lymphatic invasions. There were significant correlations
between the DCC protein expression and tumor pro-
gression, and hematogenous metastasis (p<0.05).

Conclusions: A decreased expression of the DCC protein
was noted in human colorectal cancers, and there was a
significant relationship between the expression of the DCC
protein and distant metastasis, but there was no correlation
between the DCC LOH and distant metastasis. These
results suggest that the expression of the DCC protein
might be related to tumor progression and metastatic
potential, and the DCC protein immunoreactivity may be
a useful prognostic factor in patients with colorectal
cancers. ] Korean Soc Coloproctol 2003;19:26-38
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IFo] ZE A ' AEA DCC F#} H o]
7} WA E o], DCC A7} CRCE *Mﬁr Ao A
ol kil Histth Eg DCC FHAE Q19
Aoz FHAAZ dFG AENA FFe AAdEE0]
2AETE d7E DCC FAA7 FFAAFAAE
O qEe 99 Aos Busith’ DCC B E e
AZEte] ¢k} Bro] fJA|ste WS EEY AE
“lgolx, 1 75 AEetA HH ke AT
AR ZF aE]a A E-714 Afe] o] As g #ofs)
of Mxel £}, 4%, 183 T Aol AT
Ao g F=Hudn! 53] oz 947} Tyt
H CRCY ¢AEo|A DCC @ d o] wdo] 1AF
AW AHA ZFaEdve A7 23 DCC @ A o)

CRCY Ho|ggol = &8-S Artsttt® a8
o2 43 Aol DCC A TAH=} A
ol9fe] A@Ao] thate] AutE AFEo] HiE o]
9101, 7% CRCOI A Aol BAEHE DCC FHA 2
o] o= s Fy s YA gtk DCC #HA}
o] Wol= CRCY %7 HHHETE WA HoA
E2NER HFEHYoH, DCC FHA Wolrt &
HE CRCE o] 37} B8t HuEdnt’ & DCC
A2 Holo} gl Wty J=& CRCY AT
olUzel HolgAolx $23% 9IS & Fog F=
Hr}

A Aoz HAE 4hdAd CRCE Wldo=
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Abet At T4 A= ¥ 2FHRE FHCE 2
9 32 4T 94 Y AS HPoz T
AT §¢4 £/ Borrmann S FHES V|ELS
Z Borrmann 182 &% ¥ (Exophytic).2. 2, Borrmann II
3, M3, 2813 IV L ¥l &2 3 (Nonexophytic) & 2

EF3IATH CRCY A7+ T4 Hdl 4 S o]
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THHES o8 d‘iiﬁ?“é Hxd 3¥o] gle Bl, B2

HolZF dECl 2 22 ¥
—E_Cli %Zﬂ,ﬁom FHE CRCE W7 Do 2
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= A sk, 2 Bk, dAlxe HI
A=, FAE F92 d2d AL, A
e F3 28 Ay, 92 A9 5 B A
EASHST 10% T4 2T 143 & vt

E502HE 4~5im9 F7

+ hematoxylin-eosin 3 2}
Algste] WeEdg sy E48& ’\] Bl ;}Oj‘:} CRC-O/] =z
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0%9] 4 T2} A A8 FRIT, 10 FIT
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9 AAA BF Az
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27 30% HAtstASTE9 1Y
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roxidaseE X3 ATH 22 U FHLAS IJEA7]7]
3t 1% zinc sulfate (Sigma Chemical Co., USA)7}
233t 10 mM Citrate <t < (pH 6.0)0 Egtol=& ¥
I microwave 2E2-& ©]&3t 5E &< 3 48 )
sttt =AW FAo thgh v 5o]F REg-S A5}
7] 98t &Elol=+ 05% A 94 3 (Dako,
USA)S 33+ Tris-buffered saline (TBS)& ol 304
Aol A REGAI A AL, o] &EHo] =+ mouse anti-
human DCC (5ug/mL)$} 4°Col A &% FoF u-8-A1
t}. ®¥FSo] 1 &gto]=& 1% Tween 20 (Bio-Rad,
USA)©] ¥ TBSZ 1083k 38] AI8M9 1L, Lo
Z+ goat biotinylated anti-mouse IgG (Dako, USA)$} 4
2ol A 3083 WA T TBSE 34k AIs & &
2}o] =+ horse raddish peroxidase (HRP)-conjugated
streptavidin (Dako, USA)T} A2 of| A 30&-7F WH3-A] 7]
i O] TBSE 33] AT AT g Eefol=
= 0.05% DAB (3, 3’-diaminobenzidine tetrahydrochlo-
ride, Sigma Chemical Co., USA)/0.01% H,0,7} Ei2
TBSE 10&7F ALolA Azt SAdEE 44
A A TBSE AH&ete 9ot 9S8 AP0 =2 ¢

Akt @A) A3 e 7 He HEgapt &
HHo=z Fg dujFo g #AsY 3, AEF A=
A o] AT} FF Huol A BEHE AE
Hlwake] g ute] dAREHY 50% Yo R 7
7HEO. 2, 50% ©]/4 DCC ©hild kg o]
g Yror EFaAvhEg 1t

@ DCC CHHA w50 Mk AL A7# <l DCC &
Hdo] WS ALe7] 9t WA EZH (Western,
Immunoblotting) FAFE o] &3ttt o]#A o2 A
d CRCE $otH o AAkstel 714 2A BeE F
F RS g AN 47 29 Asked A A
249} Isopentenes ©]-8-3t & AT & F3} 80°C
AN st oF B AL EA7IE A F
= % lysis buffer (50 mM Tris-HC1 pH 7.5, 1% Nonidet
P-40, 0.1% sodium deoxycholate, 2 mM calcium chloride)
5 A7kt 10% S AeoA AR 5% F
QF 3,000 x goll A HAEEF F 434 microtube
o &713 Lowry W& o83ty dild =5 574
stk lugoll idetes B 2 4F dde T
9] loading buffer (20% glycerol, 4.6% sodium dodecyl

Fig. 1. Immunohistochemical staining by streptavidinbiotin-
peroxidase method in colorectal cancers (x200). A. DCC
expression in the colonic mucosa and neoplastic gland.
Staining pattern of DCC was membranous, and accentuated
in intercellular areas and basal portion of cells. Compared
with normal glandular cells, DCC expression of neoplastic
cells was slightly decreased. B. In the invasive front of
neoplastic glands, DCC expression of carcinoma cells was
preserved. C. Inconspicuous expression of DCC in
neoplastic cells of invasive front.
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sulfate (SDS), 125 mM Tris-HCl pH 6.8)¢} £33 &
5%%F 100°Coll Al 7hEskal, ©]F 7.5% SDSpol-
yacrylamide gelllA] E8|3lATh A7 50] €4 &
gel> comassie blue$} silver G212 Al gY3slo] F o]
gdo]l Ezj®E AL 3213 F(Fig. 2) polyviny-
lidene difluoride (PVDF, Millipore, USA)Zt S 2 o] 5 A]
AT} W50 el W-g-g ol#18}7] 915k PVDFEHE
Ao A 304 E<t 5% skimmed milk7} Z3HE TBSZ
AgstAnt 84S wel W $ PVDFEHS YAFHA|
(Qug/mL)7} E35td TBS9} Ao A 2417+ FQF HH-3-
Al Z T DCC s XALs7] fleto] ALEgE LA}
A= DCC Tl o] A Z W domain S o
QN3 x=ddd 1gH
% & mouse anti-human DCC (G97-449, Pharmingen,
USA)S o] &89tk U284 9} wh-go] £ PVDFT}
< TBSZ 107t 33tal =415}, 441 ¥ PVDF 2}
£ biotin®] & 3+= ©] 218 A (Biotinylated anti-mouse
IgG, Novocastra, UK)9} A2 A 30&7F WA &
W oA TBSE 10#3t 32t A8t ©] 5 PVDF
a2 alkaline phosphatase-conjugated streptavidin (Amer-
sham, UK)¥} 303t A2 4 ¥-§A]7]3L thA| TBSZ
3218 $=AM18H9Th NBT/BCIP (BioRad, USA)S HHal A
2 AF&-3t] PVDFLS A 2 th(Fig. 2). =] ¢4
=+ Scanlet 4C (Hewlett Packard, USA)S ©]8-3}]
sTwMnez gAS =23 5 fAgsiA#H T CRCY
DCC @l o] e A e AR A 2 7209 Photo-
shop (version 5.0, Adobe, USA)S ©]-8-3lo] Y422} <
A LdEE HES] g S
o g3t Ao BHYT-E @11)5_%(0}_7,:;1 E)] A=)
BeRRzd Mee ZE x100)2 st F£3)
skt
(4) DCC SRl
O ot E=0M o d 2 =
DCC F3#ke] oA A &4 ARE
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Y3 DCC FAA 2 o L] AFA 29

FAHom T 249 ERE AxHAA Aztel =
R o, AAY ZZHL DNA == AR
microtubeol] ¥ o] < 0} 20°Coll A B st 22 E
ZAe Z+ AAY 30um<] lysis buffer (10 mM Tris-
HCI, pH 8.0, 10 mM EDTA, 150 mM NaCl)E 3 7}s}<
ZA 3 wrgAS TSI TE microtubed] 1% (w/v)
sodium dodecyl sulfate (CalBiochem, USA)<} 300pg/mL
9] Proteinase K (Boehmnger Mannheim, Germany)S 3
7}ek & 55°Col A zAo] FH3] &alE WA uke
A ZA T 95°Cell A 1023t 7}
2z e o] F
(Qiagen, Germany) 22
TEE AASH ST ethanolS
Zo1 X DNAS 228ttt 5% DNAS| &9 5=
= FHAAZ A3, 1% agarose gel (Promega,
USA)olA A7) 953te] DNAY £x9 T=5 A=}
sttt

&3}l proteinase K& &
Z2] 8392 DNA extraction kit
phenol/chloroformS- ©]-&3} &
AHESte] g H =z

Fig. 2. Immunoblot evaluation for expression of DCC
antigen. A. 1lg samples of each lane were subjected to 10%
SDS-polyacrylamide gel electrophoresis and performed silver
staining. Same amount of proteins were loaded in each lanes.
B. Gel was electrophoretically transferred to PVDF mem-
brane, and immunoblotted with antiDCC. Proteins from
normal colorectal mucosa expressed DCC protein (arrow). In
colorectal carcinomas, DCC protein was completely a-
bolished (asterisk). N = normal colorectal mucosa; T =

colorectal carcinoma; 2 = patient 2; 8 = patient 8.
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@ OlBHEE AAQ| B4, DCC FAA ol T
A 734 (Loss of Heterozygosity, LOH)] #2412 17]¢]
CA repeat 9]¢ DI8S69," 2709 ©dA 29
(polymorphic site, M2, M3),'*" 83 17§¢] VNTR
(Variable Number of Tandem Repeat) 5-9]"°2 &% & 4
& 3] k-5 (polymerase chain reaction, PCR)S ©]-&3}<]
N FAA 4S5 § DCC #F74H9] LOH o
£ XA DCC 3 #ke] E4 ol AR&H primer
o] A7 EF} BEE Table 19] AAHo] o,
primere= FAFES 9] F|(Genotech, Daeduck, Korea)
atod ALEsEAT PCRS HE #3917} 50uel 1x PCR
buffer (20 mM Tris-HCI (pH 8.4), 50 mM KCl, 1.5 uM
MgCly), 200 mM deoxynucleotide triphsphate (dNTPs,
Pharmacia, UK), 5 pM primer, 1 Units Taq DNA Pol-
ymerase (Takara, Japan), 500 ng DNAZ T3l H )
PCR%F-3-2 Thermal Cycler (DNA Thermal Cycler 480,
Perkin Elmer Cetus Corp., USA)E ©]&3}] 95°Cel| A
303, 50~55°CollA] 30%, 72°Coll A 30 F7|2 F 45
3 w-g3 & FHFH o7 72°Co M 587 WA AT

PCR ®Fgo] £ & FH % A= gene clean kit
(BIO101, USA)E o]&3le AAS YTt DIsS69=
0.7% MDE gel (FMC, USA)2 ©]£3}¢] single strand
conformation polymorphism (SSCP)E A|@j 3l allele
F}S Blast LOH o 55 AR M2 % M3
2ol #Ax2] LOH AA o= ATFaAE 285}
I 3715 vlaste EA3AT & Mspl AFEA
(New England Biolabs, USA)Z A3} 12% pol-
yacrylamide gelol A &2t & ¥ FHx 2715
A3 4F FHAAE Bt LOHE AT
VNTR-1 #9+= 12% polyacrylamide gelZ 7 7] &3}
o FEEHE M= F4H 5 Blaste] LOH o5

|
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() MzZSANS ZAL 4T AxY AEXFHe2

2
Ki-67 (1 : 150, Zymed, USA)S LI 2 o] &3}
DCC ©uf g o] whgdof] AL§-gh 5U g W x2] 354
WH S o] &3t ARSI Al Z2F 2452 1,0007 9]
AE F A AEE Ao HEER AP s
Ki-67 A ZFAAFE o] &3ttt

6) SHEA 24: DCC T3} LOHS} Y/d3ta 2
W ehA Al MEFAAGF 1] A3/d-2 SPSS =

2IWE ©0]-83t chi-square *WHOE A s oM
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Table 1. Primer sequences used for identification of loss of heterozygosity in DCC

Primer name Sequence (5 to 3’) Ta (°C) Size (b.p.)

M3 Sense CGA CTC GAT CCT ACA AAA TC 50 396
Antisense TCT ACC CAG GTC TCA GAG

M2 Sense TGC ACC ATG CTG AAG ATT GT 53 240
Antisense AGT ACA ACA CAA GGT ATG TG

VNTR-1 Sense GAT GAC ATT TTC CCT CTA G 53 160~200
Antisense GTG GTT ATT GCC TTG AAA AG
Sense CAT TAG CAG TCT GGA AAT CCT C 55 194~210

D18S69

Antisense

CGC TAT TGT ACT GAA AAC CTG A




2% 9 620 ¢ Q4] i) AW DCC HAA B T pARe AuA 31

ol A= o] 64(12.0%)Ath T HAHF TS e A= 4141(82.0%)F 3, = H W] A=
Aol 74(14.0%), FaFL 994(18.0%), & L A 2490 (48.0%)% P& A7 2641(52.0%) Tk
344 (68.0%)F( Tt & o] Y& A$ 94(18.0%) 2} (Table 2~5).

Table 2. Relationship between clinical parameters and DCC expression and DCC value*

DCC expression’r DCC value (%)5E
Group 7H%) Group YH(%) Mean Standard
n=20 n=30 value deviation
Sex Male 11 (55.0) 15 (50.0) 62.3 22.1
Female 9 (45.0) 15 (50.0) 62.3 254
Age 56.9+11.2 56.3%112.1
Site Right 14 (70.0) 24 (80.0) 63.9 29.2
Left 6 (30.0) 6 (20.0) 57 21.8
Size 6.3+2.0 49£1.8
Serum CEA' 56.3+145.9° 2.6%1.6'
Gross feature Exophytic 1 (5.0 9 (30.0) 80.5 10
Non-exophytic 19 (95.0) 21 (70.0) 57.7 23.9
Adenoma None 16 (80.0) 25 (83.3) 61.2 24.5
Associated 4 (20.0) 5 (16.7) 67.2 194
Astler-Coller stage'’ B' 6 (30.0) 18 (60.0) 754" 15.6
C 6 (30.0) 10 (33.3) 60.5 18.7
D' 8 (40.0) 2 6.7 31.6' 18

*P>0.05; ' DCC expression on immunohistochemistry; ¥ DCC value on immunoblotting; $1.%p < 0.05.

Table 3. Relationship between pathologic parameters and DCC expression and DCC value*

DCC expression* DCC value (%)¢
Group 7H%) Group WH(%) Mean Standard
n=20 n=30 value deviation
Histologic differentiation Well 7 (35.0) 7 (23.4) 60.4 26.5
Moderate 12 (60.0) 22 (73.3) 63.7 232
Poor 1 (5.0) 1 (3.3) 51 5.7
Mucin component Absence 11 (55.0) 19 (63.3) 61.4 27
Focal 4 (20.0) 4 (13.3) 58 15.6
Prominent 5 (25.0) 7 (23.4) 70.8 15.6
Lymphoid reaction Mild 16 (80.0) 28 (93.3) 62.8 23.3
Prominent 4 (20.0) 2 (6.7) 58.5 28.1
Invasion pattern Expansile 2 (10.0) 5 (16.7) 70 11.3
Invasive 6 (30.0) 3 (10.0) 48.7 21.4
Mixed 12 (60.0) 22 (73.3) 64.3 25.1
Lymphatic invasion Absence 8 (40.0) 18 (60.0) 70.8 17.3
Presence 12 (60.0) 12 (40.0) 53 17.3
Venous invasion Absence 15 (75.0) 26 (86.7) 65.9 21.9
Presence 5 (25.0) 4 (13.3) 45.9 18.8
Ki-67 index 32.8+12.5 28.6+15.8

*P>0.05; 'bee expression on immunohistochemistry; ¥ DCC value on immunoblotting.
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Table 4. Relationship between clinical parameters and LOH
affecting DCC gene in colorectal cancer patients*

DCC LOH

Absent (%) Present (%)

n=26 n=24
Sex
Male 13 (50.0) 13 (54.2)
Female 13 (50.0) 11 (45.8)
Age 55.9£10.8 57.2+12.7
Site
Right 20 (76.9) 18 (75.0)
Left 6 (23.1) 6 (25.0)
Size 5.0+1.8 5.9+2.2
Serum CEA" 32+22" 46.6+134.4
Gross feature
Exophytic 5 (19.2) 5 (79.2)
Non-exophytic 21 (80.8) 19 (20.8)
Adenoma
None 22 (84.6) 19 (79.2)
Associated 4 (15.4) 5 (20.8)
Astler-Coller stage
B 13 (50.0) 11 (45.8)
C 8 (30.8) 8 (33.4)
D 5 (19.2) 5 (20.8)

*P>0.05; ' P<0.05.
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Table 5. Relationship between pathologic parameters and
LOH affecting DCC gene in colorectal cancer patients*

DCC LOH

Absent (%) Present (%)

n=26 n=24
Histologic differentiation
Well 9 (34.6) 5 (20.8)
Moderate 17 (65.4) 17 (70.8)
Poor 0 (0.0 2 (8.4)
Mucin component
Absence 17 (65.4) 17 (70.8)
Focal 6 (23.1) 5 (20.8)
Prominent 6 (23.1) 5 (20.8)
Lymphoid reaction
Mild 24 (92.3) 20 (83.3)
Prominent 2 (1.7 4 (16.7)
Invasion pattern
Expansile 4 (15.3) 4 (16.7)
Invasive 6 (23.1) 3 (12.5)
Mixed 16 (61.6) 17 (70.8)
Lymphatic invasion
Absence 14 (53.8) 12 (50.0)
Presence 12 (46.2) 12 (50.0)
Venous invasion
Absence 21 (80.8) 20 (83.3)
Presence 5 (19.2) 4 (16.7)
Ki-67 index 25.7+14.3 34.1+21.9
*P>0.05.
100 I
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DCC expression group

Fig. 3. Relationship between DCC value on immunoblotting
and DCC expression group on immunohistochemistry.

AP >0.05). 13U 834 CEAZLS DCC 98 7l
o] 56.3:145.9911, Y}to] 2.6:1.60.F =9k AE W
DCC gl o] wtdo] 7+AS42 H 3 CEAZLS 9
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o] 754%Kth F3HAl FAE o] YATHP<0.05). T
g 71eF B sh QIAtote AdAES S F /i
o} E3 DCC ©@ Ao HHAH T = M X Ki-67 AlE
SAA TS F B3 HAtH(Table 3).
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AE gt & T 24T o)]FHFE 24 o
st HAS Algg A3 M2 FHol A 99 (18.0%),
ANA 74 (1 0%)oﬂf\1 LOH7} A& AT
F Ao ZZHE PCR 2%
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H
(14.0%)°] LOHE <1 4 QAU th(Fig. 4D). 37}
2 o E 4709 DCC FAA J9S 2AE 2
3} F 509 2] CRC % 249 (48.0%)°1 4] LOHZS &
g 4 AAH(Table 4, 5).

() DCC RAEA OIBTEY MAT YNH I
Halx elxelel H: DCC #RA

=
@)
jan
o rr &

Dukes M”75 X &% d4H AAg= A4

~— 103

Fig. 4. PCR-LOH analysis for DCC gene in colorectal carcinomas. A. PCR-SSCP analysis using D18S69 locus. Allelic loss
in representative cases (asterisk). B-C. PCRRFLP analysis. Representative cases of allelic loss (asterisk) at M2 (B) & M3

(C) Mspl polymorphic site. D. cases of allelic loss at VNTR (asterisk). N =

normal mucosa; T = colorectal carcinoma.
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Table 6. Relationship of LOH in DCC gene and expression
of DCC protein*

DCC LOH

Absent (%) Present (%)
n=26 n=24

DCC value (%) Mean (+S.D.) 67.4+212 56.8+25.3
8 (40.0) 12 (60.0)
18 (60.0) 12 (40.0)

DCC expression Group 7}
Group Y

*P>0.05.

S 4 g9 TP >0.05)(Table 4, 5). &1} DCC
Azte] LOH7F 99 CRCY A%+ €3 CEA
°] 46.6°2. 2 LOHE FHlo] gl= CRCY 3.2HT
o3HA = ,}E}(P<005)(Table 4). T3 CRCY A
g4 GAEE dHste WElF et A
d= 2SS 5 AP >0.05)(Table 5). DCC # A
ZLo] LOHE YA X9 Ki-67 Al EF2 X ¢ %

B o] ATHP >0.05) (Table 5).
(3) DCC w™Ate| ol ey 421t DCC Ty
E grsnto] oimtA: DCC f+2Ate] LOHZF Tyhe

CRCE 7$E T DCC THEo] 568+253%=
LOH7} §1& CRCY 67.4+212% Xt} w9kow, LOH
7} &R CRCE= DCC EH#AT©] 129(50.0%) = LOH
7} §1E CRCY 84(30.8%)X.TF HIE7} =9ko1} DCC
&3 DCCHAAY] LOHS= #1213 daA e 3e
4 1A THP >0.05) (Table 6).
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